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Introduction
The persistence of moderate to severe pain is common in patients after traumatic injury. Studies report levels of moderate to severe pain in 48% to 59% of trauma survivors at hospital discharge [3, 65] , 37% to 56% of patients within 6 months postinjury [10, 11] , and 63% at 1 year after major trauma [47] . The Lower Extremity Assessment Project found that 73% of patients reported pain 7 years after traumatic lower extremity injury [10] . Trauma survivors also experience profound levels of physical disability and difficulty returning to productive employment [7, 34, 35] . Patient-reported quality-of-life scores are consistently below the health norm for adult populations [22, 58] , 40% to 50% report moderate levels of disability [1, 7] , and 35% to 50% have delayed return to work up to 24 months after injury [7, 39, 45] .
There has been increasing evidence to support the importance of psychosocial factors to poor outcomes after trauma. A systematic review found moderate evidence of an association between depressive symptoms during the early recovery period and persistent pain [12] . Wegener and colleagues [63] demonstrated that as the recovery process proceeds, physical function is increasingly influenced by depression and anxiety related to the pain experience.
Pain catastrophizing (defined as the tendency to focus on, ruminate, and magnify pain sensations) and fear of movement are potentially important psychosocial factors for the development of chronic pain and physical disability in trauma survivors. Robust evidence supports an association between pain catastrophizing and the severity of postoperative pain [27] . More specifically, pain catastrophizing has been found to be an important predictor of increased pain after knee arthroplasty [46, 51] . Fear of movement has also demonstrated an important relationship with poor health outcomes in patients with various musculoskeletal conditions [16, 57] . In patients who have experienced orthopaedic trauma, little is known about these specific psychosocial risk factors. Archer et al. [2] demonstrated that pain catastrophizing was associated with pain intensity, pain interference, and physical health 2 years after traumatic injury. Three studies have found that patients who display catastrophizing behavior are at risk for more severe pain and disability up to 12 months after trauma [19, 42, 60] .
This study had three specific objectives. The first aim was to determine whether high pain catastrophizing scores are independently associated with pain intensity or pain interference at 1 year after hospital discharge for a traumatic lower extremity injury after accounting for patient characteristics of age and education. The second aim was to determine whether high fear of movement scores are independently associated with decreased physical health at 1 year. The third aim was to determine whether depressive symptoms are independently associated with pain intensity, pain interference, or physical health at 1 year.
Patients and Methods
This study was a prospective cohort study of patients admitted to a Level I trauma center for surgical treatment of a traumatic lower extremity injury between November 2009 and March 2011.
Eligible participants were identified from the medical record and approached at an early postoperative clinic visit. Inclusion criteria included: (1) age older than 18 years; (2) admitted for an acute traumatic event; (3) undergoing surgery for fracture of the lower extremity using open reduction and internal fixation; (4) Glasgow Coma Score equal to 15 on admission; and (5) length of hospital stay greater than 24 hours. Patients with intracranial hemorrhage indicating moderate to severe brain injury, spinal cord deficit, a documented history of schizophrenia or other psychotic disorder, or surgery for an extremity amputation were excluded.
Four hundred patients were examined for eligibility and 207 were eligible and approached on weekdays and nonholidays. Of the 207 eligible patients approached, 134 (65%) agreed to participate and were enrolled ( Table 1) . One hundred ten patients (82%) completed the 1-year followup. There were no significant differences in age, sex, race, education, employment, marital status, insurance, comorbid conditions, mechanism of injury, primary injury, hospital length of stay, and Injury Severity Score (ISS) between patients with and without complete followup data.
Written informed consent was obtained from all study participants after institutional review board approval. Patients completed a questionnaire in person that contained demographic questions and validated measures of pain catastrophizing, fear of movement, depressive symptoms, pain intensity and interference, and physical health 4 weeks after hospital discharge. A followup assessment was conducted at 1 year to gather data on pain and physical health outcomes. Assessments were mailed to those patients not returning to the clinic. If a person did not respond within 1 week after mailing the questionnaire, patients were contacted by telephone and asked to complete and return the questionnaire within 5 days. Mechanism of injury, type of injury, length of hospital stay, and ISS were abstracted from the medical record.
The mean age was 45 years (SD = 15) and the majority of study participants were male (70 of 134 [52%]), white (126 of 134 [94%]), and had less than or equal to a high school education (68 of 134 [51%]) ( Table 1 ). Fifty-one percent of patients were treated for a motor vehicle accident (69 of 134) and 60% were hospitalized for isolated lower extremity injuries (80 of 134 Moderate to severe pain catastrophizing and high fear of movement were reported in 21% (28 of 134) and 65% (87 of 134) of the patients, respectively ( Table 2 ). Presence of depressive symptoms was reported in 38% (51 of 134) of patients with 23% (31 of 134) indicating no preexisting depression diagnosis.
Psychosocial Factors
Pain catastrophizing was assessed with the Pain Catastrophizing Scale (PCS) [50] . Participants rate items on a 5-point scale with the endpoints ''not at all'' and ''all the time.'' A total score ranges from 0 to 52, and a score greater than 24 differentiates between ''catastrophizers'' and ''noncatastrophizers.'' The PCS has demonstrated strong internal consistency, high test-retest reliability, and validity through associations with pain, disability, negative affect, and pain-related fear [18, 44, 50] .
The 17-item Tampa Scale for Kinesiophobia (TSK) was used to measure fear of movement [28] . The TSK is a 17item instrument with scoring options ranging from 1 = ''strongly disagree'' to 4 = ''strongly agree.'' A total score is calculated and can range from 17 to 68. A score greater (11) Hospital length of stay (days), mean ± SD 4 ± 3 Injury Severity Score, mean ± SD 10 ± 7 [29] . This instrument was developed using the diagnostic criteria from the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV). The PHQ-9 scores each of the DSM-IV criteria as 0 (''not at all'') to 3 (''nearly everyday'') and a total score ranges from 0 to 27. PHQ-9 scores of 5, 10, 15, and 20 represent mild, moderate, moderately severe, and severe depression, respectively [29] . In a psychometric study of the PHQ-9 compared with independent diagnoses made by mental health professionals, the instrument was both sensitive (0.75) and specific (0.90) for the diagnosis of major depression [49] . Internal reliability scores have been estimated at 0.89 in a primary care population [29] . A score of 10 or higher has been recommended as a cutoff for clinically significant depression and has been found to have sensitivity and specificity of 88% for major depression [29] .
Pain and Physical Health Outcomes
The Brief Pain Inventory (BPI) was used to measure pain intensity and pain interference [13] . The four-item pain intensity scale measures current, worst, least, and average pain. The remaining seven items assess general activity, mood, walking, work, relations with others, sleep, and enjoyment of life. Numeric scales rate items from 0 to 10 with 0 being ''no pain or no interference'' and 10 being ''severe pain or severe interference.'' The BPI has proven reliable (Cronbach's alpha[0.80) and valid through strong correlations with the SF-36 pain scale and the Visual Analog Scale for pain in patients with postoperative pain [38, 67] .
Physical health was measured with the physical component scale (PCS) of the SF-12 [62] . Scores range from 0 to 100 with 0 indicating worst health. The physical subscale assesses physical functioning, role limitations resulting from physical health problems, bodily pain, and general health perceptions. The PCS of the SF-12 has demonstrated responsiveness, good test-retest reliability (Pearson's r[0.75), good internal consistency (Cronbach's alpha [ 0.70), and validity with correlations greater than 0.90 with the SF-36 in generalized and various patient populations [23, 33, 62] .
Statistical Analysis
Descriptive statistics were used to summarize all study variables (means, medians, SDs, frequency). All continuous variables were examined for the assumptions required for parametric analyses. Differences between responders and nonresponders at 1 year after hospital discharge were examined with Student's t-tests and Fisher's exact tests. Pearson correlation coefficients with a Bonferroni correction were used to examine bivariate associations among pain catastrophizing, fear of movement, depressive symptoms, and outcome variables (pain intensity, pain interference, and physical health). Separate bivariate linear regression analyses were used to assess the relationship between demographic and clinical characteristics and outcomes.
Multiple variable hierarchical linear regression (HLR) [14] analyses were performed to determine whether pain catastrophizing, fear of movement, and depressive symptoms were independently associated with each outcome variable. Models controlled for patients characteristics that were significant at p\0.05 in bivariate analyses and the outcome of interest at baseline (ie, 4 weeks after hospital discharge). In each HLR model, patient characteristics were entered first (Step 1), psychosocial factors were entered second (Step 2), and the outcome at baseline was entered third (Step 3) [52] . The estimate of the separate variance accounted for by each variable was reported using the adjusted partial r 2 . To control for multicollinearity in the models, variance inflation factors were determined for the independent variables and had to be below 10 [40] . Stata statistical software (Version 11.0; Stata Corp, College Station, TX, USA) was used to analyze the data. The level of significance was set at a = 0.05.
The number of study participants for this study was based on a sample size calculation for a multiple variable linear regression. The estimate was based on the multiple correlation coefficients that are obtained when all variables are included in the regression model and only the independent variables of interest are included. Using a conservative R 2 for the full model of 0.30 and R 2 for the variables of interest of 0.10, alpha level of 0.05, power of 0.90, and controlling for six independent variables, a sample size of at least 92 was needed to detect an association between pain catastrophizing, fear of movement, and depressive symptoms and patient-reported outcomes. A larger sample size was recruited to account for a 70% followup rate.
Results
Our data indicate strong correlations between pain catastrophizing scores at 4 weeks and pain intensity (r = 0.75; p \ 0.001) and pain interference (r = 0.60; p \ 0.001) at 1 year (Table 3 ). These relationships were maintained after taking into account potential confounders. We found that patients with high pain catastrophizing scores at 4 weeks had worse pain intensity (b = 0.67; p \ 0.001) and pain interference (b = 0.38; p = 0.03) at 1 year compared with patients with low pain catastrophizing scores after adjusting for age, education, fear of movement, depressive symptoms, and pain at 4 weeks (Table 4 ). Results suggest that for every 10-point increase in pain catastrophizing scores (range, 0-52) at 4 weeks, there was a 6.7-point and 3.8-point increase in pain intensity and pain interference (range, 0-10), respectively, at 1 year.
We found a low correlation between fear of movement scores at 4 weeks and physical health (r = À0.25; p \ 0.001) at 1 year (Table 3 ). These data indicate that a poor relationship exists between fear of movement and physical health and this was confirmed with analyses that controlled for potential confounders. There was no association between fear of movement scores at 4 weeks and physical health (b = 0.15; p = 0.34) at 1 year after adjusting for age, education, comorbid conditions, pain catastrophizing, depressive symptoms, and physical health at 4 weeks (Table 4) .
A moderate relationship was found between depressive symptoms at 4 weeks and pain intensity (r = 0.43; p\0.001), pain interference (r = 0.50; p\ 0.001), and physical health (r = À0.49; p\ 0.001) at 1 year (Table 3 ). These moderate relationships were also noted in analyses that controlled for potential confounders. We found that patients with more depressive symptoms at 4 weeks had worse pain intensity (b = 0.49; p\0.001), pain interference (b = 0.51; p\0.001), and physical health (b = À0.32; p = 0.01) at 1 year compared with patients with less depressive symptoms after adjusting for age, education, pain catastrophizing, fear of movement, and pain or physical health at 4 weeks depending on the outcome of interest (Table 4 ). Results suggest that for every 10-point increase in depressive symptoms (range, 0-27) at 4 weeks, there was a 4.9-point and 5.1-point increase in pain intensity and pain interference (range, 0-10), respectively, and a 3.2point decrease in physical health (range, 0-100) at 1 year.
Discussion
Psychosocial factors are important contributors to poor outcomes in chronic pain populations [24] . However, little is known about the relationship between specific psychosocial risk factors and long-term outcomes in patients after orthopaedic trauma. The current study aimed to determine whether pain catastrophizing, fear of movement, and depressive symptoms at 4 weeks after hospitalization were independent predictors of persistent pain and decreased physical health at 1 year after traumatic lower extremity injury. Results demonstrated a strong independent relationship between high pain catastrophizing scores and pain intensity and pain interference, whereas no relationship was found between high fear of movement scores and physical health at 1 year. A moderate independent relationship was found between depressive symptoms at 4 weeks and pain intensity, pain interference, and physical health at 1 year.
Several limitations of this study need to be considered when interpreting the results. First, caution should be exercised when generalizing results of this study to other trauma populations and settings outside of urban academic medical centers. A second limitation is that patient-reported measures were used to assess pain catastrophizing, fear of movement, and depressive symptoms instead of an interview with a mental health professional. We used well-accepted instruments that are reliable and valid; however, perceived psychological distress can innately influence and contribute to observed variances. Causation cannot be implied and additional psychosocial variables such as anxiety may yet explain some of the variance in outcomes after traumatic injury [12, 13, 66] . Finally, although responders (110 of 134) at 1 year were not statistically different from nonresponders (24 of 134) on baseline demographic and clinical variables, there is the potential for systematic differences based on unmeasured characteristics.
Our findings support a systematic review showing moderate evidence for the relationship between pain catastrophizing and postsurgical pain after musculoskeletal surgery [54] . Our results are also consistent with work by Vranceanu and colleagues [60] that found pain catastrophizing to be the sole predictor of pain at rest and pain during activity 5 to 8 months after skeletal trauma and controlling for depressive symptoms. In this study, pain catastrophizing demonstrated a stronger correlation and contributed a higher proportion of unique variance to pain intensity than depressive symptoms. Pain catastrophizing has generally been defined as the tendency to magnify pain symptoms and feelings of helplessness. Studies have consistently reported pain catastrophizing to be one of the most important predictors of persistent pain [19, 25, 52] . The hypothesis that fear of movement would have an independent relationship with physical health at 1 year was not supported. Results are unexpected given that the literature has reported on a strong association between fear of movement and physical disability in patients with various musculoskeletal pain populations such as low back pain, neck and shoulder pain, upper extremity conditions, and osteoarthritis [16, 20, 30, 48, 57] . Studies have even found pain-related fear to be a stronger predictor of physical disability than pain catastrophizing [31, 53] . With regard to orthopaedic surgery, several studies have demonstrated that high fear of movement is a predictor of increased disability and poor quality of life after lumbar spine surgery [5, 6, 36] . Additional research in the trauma population is needed to determine whether fear of movement is an important risk factor for patients with multiple injuries and higher injury severity.
We found a moderate association between depressive symptoms and increased pain at 1 year, which is consistent with several studies reporting on a depression-pain relationship in patients with traumatic injury [3, 10, 47] . Pain and psychological distress are interrelated and negative emotions tend to be elevated during the early postinjury period [3, 21, 37, 43, 66] . Thirty-eight percent of our patient population reported clinically significant depressive symptoms, which is consistent with other studies that have reported depression rates of 30% to 40% in the hospital and during the early postoperative period in patients with traumatic injury [3, 15, 45] . We also found a moderate relationship between depressive symptoms and decreased physical health at 1 year. Our finding supports work by Wegener et al. [63] who found that higher levels of negative mood contribute to poorer physical function during the first year of recovery after lower extremity trauma.
This study adds to a growing body of literature suggesting that early identification of psychosocial risk factors is needed to identify patients at high risk for poor outcomes after traumatic injury [3, 11, 12, 60, 66] . In particular, our findings contribute to research on the importance of pain catastrophizing and depressive symptoms to persistent postsurgical pain and physical disability. Cognitive and behavioral strategies that target pain catastrophizing and psychological distress have proven effective for chronic and surgical pain populations and may be beneficial for trauma survivors [4, 9, 26, 32, 55, 59, 64] . More specifically, cognitive-restructuring strategies such as identifying automatic negative thoughts, constructing realistic alternative responses, and acquiring positive coping selfstatements may be beneficial for pain catastrophizing, whereas relaxation such as breathing and progressive muscle relaxation and mindfulness training can be useful techniques to address depression [24] . A pilot randomized controlled trial of a mind-body skills-based intervention, focusing on relaxation strategies, problem-solving, and cognitive restructuring, found that a biopsychosocial approach to rehabilitation was feasible, acceptable, and potentially efficacious in patients with acute orthopaedic trauma [61] . Additional research is needed to determine the large-scale effects of cognitive-behavioral-based interventions in patients at risk for poor outcomes after traumatic injury.
